. Comparison of the wild type and the dao mutant phenotype. (E-F) Transverse sections showing anther and microspore development of the wild type (E) and dao mutant (F). Four stages of anther development in the wild type and the corresponding of the dao mutant were compared. Ep, epidermis; En, endothecium; T, tapetum; PMC, pollen mother cell; St, stomium; S, septum; Bar=20µm.
(G-H) Electron micrographs, I 2 -KI staining, DAPI staining and in vitro germination assay of the wild type (G) and dao mutant pollens (H), respectively.
(I-J) In vivo pollen germination assay and the seed setting rate of the reciprocal cross between the dao mutant and wild type plants.
(K) High seed setting rate was observed when the mutant was used as the female parent and wild type as the pollen donor.
(L) No seed setting was observed when the wild type was used as the female parent and the mutant as the pollen donor. 
Supplemental Experimental Procedures Pollen germination and elongation assay
Pollen germination and elongation assays were conducted as described by Chhun et al. (2007) with minor modifications. Briefly, rice flowers were emasculated and artificially pollinated by hand. After 30 min, the pistils were removed and directly stained with aniline blue on a glass slide for a few minutes before observation under ultraviolet (UV) microscopy. Germinated pollen refers to pollen grain attached to the stigma with visible pollen tube growth under UV fluorescence. At 2 or 4 h after artificial pollination, rice pistils were excised and fixed in 3:1 ethanol: acetic for 30 min and then softened in 1 N KOH for 30 min at 55°C using a block heater. The pistils were washed in distilled water for a few minutes and stained with 0.1% aniline blue in K 3 PO 4 buffer, PH 8.5, for 2 h at room temperature. The pistils were then rinsed briefly in distilled water and mounted in 50% glycerol. The samples were visualized by fluorescence microscopy.
Fertility evaluation of the embryo sacs
Whole-mount stain-clearing laser scanning confocal microscopy (WCLSM) was used to evaluate the structure of mature embryo sacs of wild type and dao mutants. One hundred to one hundred fifty mature florets from 10 wild type and mutant plants were collected and immediately fixed in an FAA solution (18:1:1 mixture of formalin, 70%
ethanol and acetic acid). The samples were then placed under vacuum for 30 min and incubated for 24 h at room temperature. After that the tissue was stored in 70% methanol at 4°C. Before staining, the samples were transferred to 70% ethanol, with the lemma and palea removed to expose the ovary to ethanol. The tissue was then processed through an ethanol series (50%, 30% and 15%) and finally transferred into distilled water. The whole mature ovary was stained in 2% aluminium potassium sulfate for 20 min, then stained in Eosin Y water solution for 10-12 h, stained in 2% aluminium potassium sulfate for 20 min again, and then washed with distilled water for 24 h, followed by three to four washes with tap water. The tissue was dehydrated by passing through an ethanol series and cleared by incubation in 100% methyl salicylate three times with more than 1h for the third incubation. Finally, the tissue was cleared in methyl salicylate for 10 h. Fertility of the embryo sacs was examined using confocal laser scanning microscopy (Leica SP2).
Hormone treatments
Flower 
Liquid chromatography mass spectrometry (LC-MS) assays
The mixtures of methanol-water were analyzed with a liquid chromatography mass spectrometry (LC-MS) system (Thermo-Finigan, USA). The instrumental setup consisted of an HPLC equipped with a C18 column (2.1x150 mm, 3.5 µm, Agilent, USA) connected to an ion trap mass spectrometer. The mobile phase consisted of methanol-water-formic acid and chromatographed by a linear gradient for 100 min.
Mass spectrometric analysis was performed in an MS-ESI-MS2 full-scan mode. The latter analytical approach was used to perform a selective ion monitor mode of fragmented ionic species that in any given scan yield both molecular mass and structural information for chromatographically-separated ions. MS-MS data were then analyzed using the software Xcalibur 2.1 (Thermo-Finigan). The retention times (IAA, 27.25 min) and MS data (m/z, mass-to-charge ratio; 130.1) of the samples were compared with deuterium-labeled IAA standards. The reaction solution was dried under vacuum and redissolved in 2 mL 1M formic acid before loading onto an activated Oasis MAX 3cc cartridge (Waters Oasis, USA). The cartridge was washed with 2 mL 1M formic acid, 2 mL 0.1M ammonium hydroxide, 2 mL 0.1M ammonium hydroxide in 60% methanol, and eluted with 1.25M formic acid in 70% methanol.
The eluted 1.25M formic acid in 70% methanol was collected and dried under vacuum. The residue was redissolved in the initial mobile phase for high performance liquid chromatography (HPLC) passed through a 0.45µm filter and injected (10µL) into the HPLC-MS system (Thermo-Finnigan, USA).
Preparation of His-DAO fusion protein and DAO specific antibody
To generate the His-DAO expression plasmid, the pDAO plasmid was digested with
EcoRI and HindIII to release the ORF of DAO, which was then inserted into the EcoRI-HindIII sites of pET-28a (Novagen) to produce the pET-28a-DAO recombinant plasmid. Expression and purification of the fusion protein was performed according to the manufacturer's instructions, and antibody preparation in rabbits was performed as described by Huang et al. (2003) .
SDS-PAGE and Western Blots
For total protein extraction, developing WT and dao anthers were homogenized in protein extraction buffer [50 mM HEPES/KOH pH 8.0, 330 mM sorbitol, 2 mM EDTA, 100 µM phenylmethylsulfonhl fluoride (PMSF), 10µg ml -1 leupeptin and 10µg ml -1 pepstatin A] before centrifugation at ~ 15000 g at 4°C for 10 min to collect soluble proteins.
For SDS-PAGE gel and Western blot analysis, total proteins were electrophoresed in 8% precise protein gels (Pierce, Rockford, IL, USA), blotted to PVDF (0.45 µm pore size, GE) membranes, and reacted with primary polyclonal anti-DAO peptide antibody at a dilution of 1:2,000. Pre-immune serum was used as a control. Anti-mouse HRP-labeled secondary antiserum from Sigma (St Louis, MO, USA) was used for DAO detection at a dilution of 1: 5,000 using the Pierce Pico Kit (Pierce, Rockford, IL, USA).
Subcellular localization of DAO protein
To investigate the cellular localization of DAO, the DAO cDNA was fused in frame with the coding region of green fluorescence protein (GFP) and inserted between the cauliflower mosaic virus 35S promoter and the NOS terminator in the PA7 vector (Zhou et al., 2011) . The expression construct was transfected into rice according to the protocols described previously (Chen et al., 2006; Yoo et al., 2007) , with GFP alone as the control. The samples were observed with a confocal laser scanning microscope (Leica TCS SP5).
DAO::GUS reporter gene construct and histochemical staining
A 3.2-kb promoter genomic fragment upstream of the ATG start codon was amplified by PCR using the Nipponbare genomic DNA as the template and cloned into the binary vector pCAMBIA1305 to drive the GUS reporter gene expression. Transgenic plants were generated as described above. GUS histochemical staining was performed as described previously (Jefferson, 1987) . Images were captured using Leica Application Suite 3.3 and merged and enhanced using Photoshop CS (Adobe).
Construction of pUbi-OsYUCCA1
To obtain the correct full-length cDNA for OsYUCCA1 (AK105488), of the gene coding region of OsYUCCA1 (Yamamoto et al., 2007) was PCR amplified using the forward primer 5'-gcaggtcgacggatccatggacaagccggcgca-3' (a BamH1 linker site
[underlined] was inserted) and the reverse primer 5'-gaattcccgggatcctcatctcgagatatatatatcactag-3' (a BamH1 site was introduced in frame). The resulting PCR products was ligated in the cloning site of the binary vector pCAMBIA1390 using In-Fusion TM Advantage PCR Cloning Kits (Clontech) to generate the plasmid pUbi-OsYUCCA1.
Phylogenetic Analysis
We constructed neighbor-joining (NJ) trees using the MEGA software (version 3.1) (http://www.megasoftware.net/index. html) with the following parameters: Poisson correction, pairwise deletion, and bootstrap (Kumar et al. 2004 ). The MrBayes software was used to construct Bayesian trees after running for 10 6 generations, with four Markov chains, and sampled every 1000 generations (Huelsenbeck and Ronquist, 2001) . NJ tree was shown with bootstrap values from NJ and Bayesian posterior probability, unless otherwise indicated. When only one value is shown, it is the NJ bootstrap values.
Affymetrix genechip analysis
Genome wide expression studies using the rice Affymetrix genechip were done with the wild type and dao mutant independently grown under the same growth conditions.
Total RNA was isolated from heading stage with the RNA extraction kit (Trizol reagent; Invitrogen). Statistical analysis of the microarray data was as previously described . Gene Chip operating software (GCOS) was used for data collection and normalization. The overall intensity of all probe sets of each array was scaled to 500 to ensure equal hybridization intensity; each probes set was assigned P, A, or M and a P value from the algorithm in GCOS. Information on the genechip rice genome array (MAS 5.0) can be accessed from the affymetrix website (http://www.affymetrix.com). The microarray data from this publication have been deposited in the Gene Expression Omnibus (GEO) database (accession no. GSE41097;
http://www.ncbi.nlm.nih.gov/projects/geo/query/acc.cgi?acc=GSE41097).
Real-time PCR analysis
Total RNA was extracted from root, stem, leaf, mature anther, mature ovary, and development seed by use of a RNA extraction kit for analysis of DAO mRNA expression (Trizol reagent; Invitrogen). Real-time PCR analysis was conducted using ABI7900HT fast real-time PCR system with the SYBR Premix Ex Tag (TaKaRa; RR041A) and three biological repeats. For each sample, quantification was made in triplicate. Melt curves were read at the end of each amplification by steps of 0.3°C from 65 to 95°C to ensure that the quantification data were derived from real PCR products and not from primer dimmers. Specific gene expression was normalized to the internal control gene Ubiquitin. The gene expression value of the wild type was used as a control and set at 1.0.
List of All Primers Used in This Study
Used for DAO mapping InDel  CCAATACATCCAGGAGAACTGT TAAAAAGCAGGGAAGCAAAAGT  Z420  InDel  CAGAGCTGTAATGGCCAAC  CGAGAAGGAGGAGCGTATG  Z423  InDel  ACTAGTCTCCGTAAACACGA  ACAACTGAAAACGATCAGCT  Z425  InDel  GTTCCCCCCATAACTCCG  CTTCTCGCTCGCCTGACA  Z427  InDel  ATTCTATCTTTGGTTGTGT  AAGTTATGGCTAATCACTG  Z429  InDel  ACTTTCGGTGTTAGTGTTTA  CTTTTCTAGAGTGCTACTTT  Z431  InDel  CCTGCTTCTATCATCTCTTCGC  AACATTGAGTGTTATCGGACGG   Z435   InDel  GCCATACGGGAAAACCAA  CAGAGAGGGCCAGCTAGA  RM3839  SSR  ATGCATGTGATGCCAAGAGTGG GAAAGCACACTGCACACATACCC  RM6005  SSR  CGTTCCCTACTTCCCTCCCTCTC ATGATGAGCTCACGGCGAAGC  RM252  SSR  TTCGCTGACGTGATAGGTTG  ATGACTTGATCCCGAGAACG  RM470  SSR  TCCTCATCGGCTTCTTCTTC  AGAACCCGTTCTACGTCACG  RM451 SSR GATCCCCTCCGTCAAACAC CCCTTCTCCTTTCCTCAACC a Simple Sequence Repeat marker (Microsatellite marker). b Insertion-Deletion marker. 
Primers Used for Vector Construction

Primers Used for qRT-PCR Analyses
Primer name
Forward primers
Reverse primers
OsARF6-F 5'-TTCCTCCGCTGGATTTCACTC-3' 5'-TACAAAGACGCTCCAACCCGT-3' OsARF11-F
